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Putting Engineering Management on the Executive Track Introduction
In 2015, the Johns Hopkins University Whiting School of Engineering introduced a new Executive Technical Leadership course in its Graduate Engineering for Professionals programfilling a critical gap that exists both in traditional engineering management curricula as well as in most MBA study tracks.
As the capstone course in Hopkins' Master of Science in Technical Management and Master of Science in Engineering Management, 1 this class is designed for technical professionals pursuing senior-level or C-suite (e.g., CTO, CIO, etc.) career paths, and its objective is to enhance student understanding of the role of the technical executive in a range of operating environments.
Herein, we discuss the need for such a course, our development methodology, and our hybrid delivery model designed specifically for busy technical professionals. In particular, we focus on how the team, composed of technical executives and faculty with extensive experience in technical leadership and systems engineering, constructed customized case studies to provide students with the scenarios needed to understand the roles and relationships of executives.
Background
In the late seventies, the Johns Hopkins University Applied Physics Laboratory, led by systems engineering pioneer Alexander Kossiakoff, had the vision for the creation of a new master's degree program in technical management, the forerunner to the engineering management degree described herein. This program focused on educating experienced engineers and physical scientists as senior leaders in technical organizations. Thirteen courses for this program were developed between 1980 and 1984, and, in 1984 The Engineering for Professionals program is Hopkins' graduate part-time track of the Johns Hopkins University Whiting School of Engineering, which confers degrees for both full-and part-time students. In addition to the engineering management master's degree mentioned above, a degree with the same title is also available for full-time students; the principal difference between the programs lies in the faculty. There are no "full-time" instructors in the Engineering for Professionals program. Rather, instructors are employed full-time in their respective fields, enabling them to provide students with in-depth, first-hand experience-based knowledge of the subjects they teach. Further, each course is taught by two instructors-providing students with differing viewpoints on all topics. The Executive Technical Leadership course is expanding the use of a hybrid delivery methodology, combining face-to-face, net-meeting, and asynchronous online delivery to accommodate the challenging schedules of students who are also full-time working professionals.
Both the technical and engineering management curricula in the Engineering for Professionals program also differ from most MBA programs. Whereas MBA programs focus on a broad range of subjects targeted for students with a variety of backgrounds and educations, our programs target a narrow student base (technical professionals only), and the curriculum is tailored for high-tech industries with a heavy systems-engineering focus, most particularly for the defense, aerospace, electronics, computer, design-for-manufacturing, and cyber industries. It is also important to note that as technological complexity grows, this program is becoming increasingly relevant to professionals in other industries.
Although the curriculum and content delivery have changed somewhat since Dr. Kossiakoff originally laid out the technical management program and the program has evolved into a new engineering management program, the original courses remain at the core of our graduate curricula and his vision of using case studies, graduate-level readings, and team assignments to educate future engineering leaders forms the basis of our classes. 3 In both programs, students are required to take a total of 10 classes. Table 2 lists the courses that form the core curriculum for both programs. Technical Management students select 10 of the 22 listed classes. This curriculum is focused on developing leadership skills that graduates can put into practice managing projects or technical staff.
The Engineering Management program, which prepares graduates for positions as technical leaders with titles such as chief technologist, chief information officer, or chief engineer, provides a much more in-depth technical focus. Students in this program select 5 classes from the technical management program (Table 2) and 5 graduate-level engineering courses from one of 13 technical concentrations offered in the Whiting School.
The Need for a Course in Executive Technical Leadership. The need for a course in executive technical leadership was identified in two ways: through market research and student requests.
Market Research.
Although the Technical Management program at Hopkins was a success, there was clearly a need for even more technical depth. A number of schools, including Hopkins, began "engineering management" curricula that blended Kossiakoff's vision of technical management with a more intense focus on engineering. As part of the development of our Engineering Management program, in 2013 we conducted an in-depth analysis of existing engineering management programs throughout the United States to understand current trends in curriculum, course format, program structure, and student demographics, summarized in Table 1 . 
Background and Architecture of the Course
The nature of the work of an executive leader is highly collaborative and conversational, as shown in Figure 3 The course is designed to give students a deep understanding of various technical executive roles using a combination of learning methods, ranging from framework-based concepts to case-based application of the concepts in a simulated business/technical leader environment-essentially providing students an opportunity to practice the senior technical leader role in a "safe" environment.
Framework.
The Executive Technical Leadership course framework is based on a compendium of timeless concepts and applied practices developed by thought leaders from notable institutions such as Harvard Business School, MIT/Sloan, Stanford, and numerous others, as well as the lead instructor's experience as a senior executive at IBM. The framework is an arrangement of the aforementioned focus areas that a senior executive needs, to be successful, summarized into two major blocks: strategy and execution, as shown in Figure 2 . Each focus area is an anchor point for key concepts and best practices that the student learns through lectures, supporting readings authored by critically acclaimed thought leaders, and videos of prominent technical leaders either speaking about their perspectives and experiences or captured in their daily roles as senior executives. The students then apply what they have learned in a simulated case environment where, assembled into teams, they play the role of a technical executive leader, guided by the course instructors.
While the organization of the framework may give the impression that there is a natural order or sequence of activities, it is important for the student to understand that these focus areas are developed largely in parallel, with continuous iteration and interaction. This is where the delivery of the course and the role of the instructors are important. Senior executives work collaboratively to frame strategies and make decisions that provide mutual benefit to the organization. As part of the team project, students act in the role of a senior technical executive (instructors play the roles of other senior executives).
Course Delivery. The Executive Technical Leadership course is made unique by the engagement of experienced executive technical leaders as instructors, who coach and mentor student teams through the creation of technical strategies and detailed execution plans within a simulated business. The use of this framework enables the instructors to incrementally teach key topics in technical strategy development as well as execution planning and management. The instructors then guide the students through the application of the concepts of each focus area in a scenario, described below, using a collaborative and conversational approach that mimics the role that a technical executive leader needs to use in the real world, as shown in Figure 3 .
The Executive Technical Leadership course was developed to bring the framework to life through module building blocks, real-world application interviews, and student role-playing in a scenario that unfolds through the semester. The instructors play the role of a more senior executive, such as the CEO, general manager, or nontechnical senior executive, while also guiding the critical thinking that an executive technical leader needs to apply for a successful business outcome. By following the Executive Technical Leadership framework, the students learn and apply the concepts incrementally and iteratively, reaching back to previously developed focus areas to integrate, update, and fine-tune technical strategies and execution plans with newly developed insights from subsequent focus areas. The semester concludes with student teams presenting their incrementally and iteratively developed strategies and execution plans to a panel of notable guest executive technical leaders, who also act as guides and mentors to the students.
Course Development Methodology.
To accommodate the needs of today's continuing education practicing professionals, 4 the lecture material was developed and prerecorded to be delivered in an asynchronous online format. Reading material and viewing of video examples were also developed to be accessed online at the student's convenience throughout the respective module's week.
A practical scenario was developed to provide student teams with the opportunity to apply critical thinking skills in the role of technical executive. Weekly challenges were designed into the company scenario that evolved throughout the semester, requiring each student team to present their approach, in the role of technical executive, and present to their peer teams either by participating in class or joining remotely via web conferencing.
Involving real-world, practicing technical executives to learn from their perspectives was also designed into the fabric of the course. Three content and delivery methods were used:
1. Historic examples from the Boeing 777 development program were referenced to illuminate key points from the framework;
2. Customized interviews with four specific practicing technical executives were captured specifically for this course, providing contemporary discussion of the challenges and approaches seen in today's technical organizations; and 3. A capstone day was designed to provide the students an opportunity for real-time interaction with practicing technical executives providing their feedback to student presentations and an "open mic" round-table discussion.
The course modules were structured to address each element of the framework with specific learning objectives, student evaluation, and application opportunity. Essential elements included:
• Alignment with one of the blocks in the executive framework;
• Lecture material to provide fundamental elements and an application methodology-a process coupled with a worksheet to capture the results for executive communication;
• Reading material consisting of traditional textbook excerpts and contemporary articles from peer-reviewed publications emphasizing executive leadership challenges and skills; and As a specific example, the module addressing Market and Customer Needs, the first element in the framework, includes a prerecorded lecture by one of the instructors focusing on the importance of discovering and then capturing customer needs, with an emphasis on the technical requirements and the environment in which the system or service is expected to operate. A specific methodology called $APPEALS 5 containing segments to capture key requirements for price ($), availability (A), packaging (P), performance (P), ease of use (E), assurances (A), lifecycle costs (L), and social acceptance (S) is included. Relevant readings to supplement the concepts are included as required to broaden the student's perspective on the necessity for technical executives to drive their staff to understand the external environment from the customers' perspective in addition to the technical specifications for the system or service. Students viewed a video clip summarizing the approach Boeing took to understand the market environment for the 777 aircraft. And, finally, the student teams were asked to role-play and discuss how they would apply the $APPEALS methodology as a key element in their team casebased seminar discussion for that week. The student teams were also asked to develop an $APPEALS chart for the hands-on scenario providing practical application, critical thinking, and open discussion with their peer teams and the instructors in the weekly virtual-live session. Throughout the development of the course, instructors kept in mind the need to emphasize the implications for the technical executive role. Their challenge was to ensure the application for executive technical leadership rather than an "MBA market evaluation" course.
Customized interviews were included to capture real-world examples through select interviews of practicing technical executives tied to specific modules from the framework. Designing this approach into the course from the beginning emphasized a distinguishing characteristic of the Hopkins' curriculum that connects students with noted practitioners in the field. Building on this approach, the instructors reached out to technical executives in diverse fields to bring real-life challenges and examples to the students. Topics included the following:
• Innovation -where we interviewed an executive from a leading innovation consultant company
• Processes and Infrastructure -where the Chief Quality Officer at a large research and development laboratory provided insights on how to install processes in an organization while stimulating a culture of creativity
• Organization & Governance -where a high-level executive from a leading teaching hospital provided a unique perspective on transferring systems thinking methodologies from engineering organization cultures to practicing medicine
• Transformation -where a VP of Engineering from an international manufacturing firm provided personal insight into the challenges and approaches to transform an engineering organization through acquisition and integration of previously diverse technical cultures
For each module containing one of these prerecorded interviews, the weekly seminar-type discussion was designed to include student comment on how the perspectives presented by each executive would apply to the situation presented in the scenario as it evolved throughout the semester.
Scenario Development. A real-world hands-on scenario was developed to provide realistic technical executive leadership situations with contextual details enabling students to work through technical leadership challenges using the tools provided in the course modules and executive interviews.
We created a fictional medium-sized company and provided enough detail in its profile to enable the students to apply the challenges of each assignment to this fictional setting. A sample of the scenario is as follows: Additional information was developed and released throughout the semester, allowing the student teams, acting in the roles of TDI's technical executives, to alternate market segment opportunities, assess TDI's competitive position, and develop a strategy for the future-all from the technical executives' perspective as part of TDI's executive leadership team. Specific course module assignments for the weekly seminar discussion required the students to apply the fundamentals from the lecture and reading material and present their assessments for discussion and debate with their peers and with the instructors.
While the student teams presented different strategies at their mid-semester presentation for entering a new market segment, they were brought back together as the scenario progressed with the TDI's Board of Directors presentation, making the decision to acquire one of TDI's major subcontractors to provide the needed technical capabilities that were assessed as a gap in TDI's prior technical skill set.
The technical executives' execution plan, as developed throughout the second half of the semester, must deal not only with the skill mix but also with decisions on merging the two organizations' cultures, processes, tools, training, decision making, governance, etc. And throughout all this, the technical executive must keep in mind that the acquisition of the new company was to obtain access to the experience and energy of its technical staff rather than the acquisition of a set of build-to-print drawings. The design of the scenario requires the students to think outside the box of technical execution to include how to continue to motivate and retain the staff from the prior organizations and integrate them into a thriving organization to build and sustain the new company's evolving future.
Virtual-Live Delivery. In designing the implementation of this course, we first considered the degree to which current modes of delivery, such as in person and online, would satisfy the above objectives. Traditional in-person classes are very effective in promoting interaction among students in classes, especially when most of the assignments are centered on team presentations. However, the need to physically attend class at a specific time and location is a major drawback, especially for students who do not reside in the Baltimore/DC area (some were from as far away as the West Coast). Asynchronous online classes provide students with the greatest amount of flexibility; however, our experience has been that it is difficult to use asynchronous tools such as discussion boards to achieve the level of engagement necessary for meaningful learning about the technical executive's role. Finally, we desired to incorporate a final capstone session to provide students with an opportunity to be mentored by a group of senior executives.
We developed the virtual-live format as a way of combining the strengths of both formats. Course materials such as lectures, instructional videos, scenario readings, assigned readings, and assignments are provided via traditional web delivery. We combined online delivery with weekly live sessions that students could attend in person or via web conference. During these weekly sessions, student teams would present their scenario assignments from the perspective of a technical executive, with the instructors playing the role of other company executives. The weekly virtual-live sessions were more structured than the "office hours" format typically used for online sessions, requiring the students to actively participate. Sessions were recorded so that if students missed a session, they could go back and watch the recording.
Delivery Tools and Methods. Blackboard Learn is the primary tool used for delivery of course material. Weekly modules for the one-semester course, as listed in Table 3 , provide the student with materials to review according to their schedule. Examples include text documents (Microsoft Word or PDF), presentations (PDF or Microsoft PowerPoint), and video (MP4 or embedded HTML). Blackboard was also used as the primary means of submitting assignments, although in some cases students preferred to submit via e-mail. Blackboard was also used to provide numerical grades and written feedback to students, supplementing discussion during the virtual-live session. Because Blackboard was already being used for online delivery, we were able to effectively utilize both the infrastructure and design experience of the team, resulting in a format familiar to students and instructors. Table 3 . One-semester course outline provides structure to hybrid delivery. Table Discussion • Capstone Presentation on Campus Saturday, 5/9/15 (Team) -Virtual-Live option • Executive Round- Table Discussion Weekly virtual-live sessions were conducted with Adobe Web Conferencing software. Adobe Connect was used to display presentation material and record sessions and was bridged with MeetingOne for audio. Use of telephone rather than computer for audio provided a more robust audio experience, allowing for improved interaction among online and in-person students and instructors. Implementation. During the 14-week semester, a module was assigned each week, students reviewed the material and teams prepared a presentation related to the scenario, and the module culminated in a virtual-live session. Modules were released two weeks ahead of the scheduled virtual-live session. We found that this gave students adequate flexibility to accommodate any business or personal issues while managing incremental learning and application of concepts covered in class and the scenario. Virtual-live sessions were held on Thursdays from 7:00 p.m. to 8:30 p.m., except for the capstone, which was planned for the last Saturday of the semester. The timing of the virtual-live sessions was intended to facilitate participation of students spanning Eastern to Pacific Time Zones. Assignments (a PowerPoint presentation) were due by 4:00 p.m. the day of the virtual-live session.
During a typical weekly virtual-live session, several students (two to four) participated in the classroom, and the remainder (six to eight) participated via the conference line. When forming teams at the beginning of the semester, we made every attempt to ensure that at least one person per team planned to attend the classroom session. Our experience was that this helped to ensure that feedback from the instructors was most effectively disseminated and helped increase participation from those online. The capstone day was also conducted in a virtual-live format; however, we encouraged students to attend the live session if possible. Most of the students did in fact attend (several traveling long distances), with one or two attending virtually. All four of the visiting executives attended in person.
Capstone day was a 6-hour session with four major components: executive mentoring, presentation, feedback, and the executive round table. Prior to capstone day, each student team prepared and submitted a brief to the visiting executives (playing the part of the Board of Directors). At the start, a coin was flipped to select one of the teams to present to the board, with the other team playing the part of the board (Figure 8 ). Two visiting executives were assigned to each team and spent 1.5 hours mentoring the students for their role. After completion of the mentoring sessions, one team would present and the other would ask questions as if they were members of the Board. During the presentation, both the instructors and the visiting executives served as observers, allowing the students to primarily interact with one another. After completion of the presentation, the instructors and visiting executives provided feedback before asking the students to critique each other and themselves. Next, we opened the floor to the students to ask questions of the visiting executives about anything of interest to them (Figure 9 ). The instructors prepared some advance questions to facilitate the discussion if needed; however, this was largely unnecessary.
Assessment and Results.
To ensure a comprehensive process for receiving and evaluating feedback, multiple channels were used to gather assessment data: Student feedback, formal structured evaluation, and instructor self-assessments.
Because the majority of assignments consisted of team presentations, except for class participation and two individual assignments, students were evaluated as a team. At the conclusion of the semester each student was asked to formally assess his or her teammates, which for the most part was highly positive. Emphasis was placed on the mid-term and capstone presentations because these were intended to show that the students could integrate learning across all content modules. Beyond numerical grades, students received extensive verbal feedback during the virtual-live sessions followed by written feedback. Feedback included not only learning of subject matter but also presentation style, format, and communication effectiveness. Because students typically had little experience presenting at the executive level, constructing and communicating a solid executive summary was a major point of learning.
At the conclusion of the course, students were asked to assess the course and provide feedback. Student feedback includes effectiveness of individual instructors, content, and presentation of course material. Students were also provided the opportunity to submit written comments to supplement the numerical feedback. Overall, the course and instructors received more than a 93% favorable score. These scores were supplemented with verbatim comments such as: Students also appreciated the variety of perspectives of the instructors and the fact that we would challenge each other (not just the students). Additionally, we received constructive feedback as to how to improve the course in the future, much of which we are considering incorporating into future classes. This included:
• Changing the format of capstone day to permit each team to present
• Shortening the length of the presentation to match a true Board presentation
• Making improvements to the sound quality during the virtual-live sessions Finally, we received excellent feedback from our visiting executives, and all have indicated their eagerness to participate in future classes.
Measuring Success and Continual Improvements
Direct feedback provides the opportunity to hear from the students and continuously improve the course content and offering. As an integral part of the course, the instructors continuously seek student feedback on the relevance and effectiveness of the course content and delivery approach in real time and through structured course evaluation at the end of the semester administered by an independent survey consultant. See Figure 10 . As a seminar structured course, we encourage direct input from the students as individuals and student teams regarding what is working well and what needs improvement.
• "The course could benefit from spending a week on risk assessment and management."
As a result, we revised the course to include a segment on risk management against the technical executive challenges of framework execution as a required part of the student capstone day presentation.
We also huddle as an instructor team to assess our own performance and the approach to the course. After the first semester delivery, we recognized that the student team presentations were too redundant and would benefit from more interaction with the visiting executives. We revised the approach for more collaboration with the visiting executives and more involvement by the student teams based on a "coin flip" at the beginning of capstone day.
Conclusions
The constructive comments coupled with overall feedback enabled the course to become an integral part of the curriculum, providing a true capstone experience for students pursuing master's degrees in Technical Management and Engineering Management in the Hopkins Engineering for Professionals programs. The value to the students in understanding the role and challenges of a technical executive can be summed up by looking at the framework around which the course was developed:
• Articulate an approach where the technical executive was an integral part of the strategy development as part of the organization's executive team
• Execute a plan with emphasis on the actions that must be led by the technical executive in support of the strategy
• Understand and address the cultural changes that must be made for the strategy and implementation to be successful
